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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re U.S. Patent Application of ) 



i 

) Art Unit 1772 



Fax 571-273-8300 



YAMAZAKletaL 

Application Number: 10/576,677 ) 
Filed: April 21, 2006 
For: Multilayer Film 

Attorney Docket No- NISEL0003 ) 

Commissioner of Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Request tor Corrected Pvbucation Under 37 C.RR. £L221£b j| 

Applicants respectftilly request that the published application in connection with the 
above-referenced application be corrected in accordance with the attached marked-up copy of 
the published application. Applicants believe that correction is proper on the grounds that a 
material mistake by the Office was made since the published application failed to include a 
claim that was part of the original application as filed and was not canceled by preliminary 
amendment. 

Specifically , upon a review of the Notice of Publication of Applicati on dated June 14, 
2007, Applicants noted that claim 11, line 12 of the published application read in the relevant 

part . . with ASTM D 3985-81 is retained within 50% of " However, as originally 

filed, claim 1 1 read in the relevant part . . with ASTM D 3985-81 is retained within ±50% 

of " In addition, Applicants noted that the paragraphs were numbered incorrectly starting 

at paragraph [0052] where the subtitle u 3. Production Process of Multi-Layer Film:" and the 
subtitle u (4) Measurement of Concentration Gradient Structure" were incorrectly numbered 
as paragraphs, which was inconsistent with other similar subtitles that were not numbered. 

Attached hereto are the pages from the above-referenced published application with 
the errors as outlined above have been marked. 

In accordance with the requirements of MPEP §1 130, Applicants have checked PAIR, 
and have confirmed that the application documents as originally filed did not contain the 
errors for which correction is requested and that the text was legible. 
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The Notice of Publication was dated June 14, 2007, the period for response to which 
is set to expire on August 14, 2007. Therefore, this request is timely, and Applicants 
respectfully requests that the error be corrected and a corrected publication be issued. 

If there are any fees that may be due or be required by the submission of this request, 
the Commissioner is authorized to credit any overpayment and charge any deficiency in any 
fees required under 37 CFR §§ 1.16, 1.17 and/or 1.18 to Deposit Account No. 08-1480, 

Please direct any inquiries in connection with this application to the Applicants' 
undersigned representative. 
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3110 Fairview Park Drive 
Suite 1400 

Falls Church, Virginia 22042 
(703) 641-4200 

August 14, 2007 



Respectfully submitted, 




Stanley P. Fisher 
Registration Number 24,344 
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3. Production Process Of Multi-Layer Film: 



[9053] Hie multi-layer film according to the present 
invention can be produced by a process, in which, at least one 
carboxyl group-containing polymer layer and at least one 
polyvalent metal compoooxl-containing layer are formed 
adjacently to each other on a bade (aupport) by a coating 
method. The polyvalent metal compound migrates from the 
polyvalent metal oompoiud-conftinlng layer into the car- 
boxy! group-containing polymer layer to form a polyvalent 
metal aa)t with the carboxyl group io the carboxyl group- 
containing polymer there, thereby introducing an ionic bond 
(i.e., ionic crosslinking). 

[0054] Although it is necessary for the carboxyl group- 
containing polymer layer to adjoin the polyvalent metal 
cgtspound-ctrntaixLing layer, the number of the respective 
layer* arranged may be suitably determined as needed. 
When the carboxyl group-containing polymer layer and (he 
polyvalent metal compound-containing layer axe indicated 
as A and B, respectively, specific examples of multi-layer 
structures include A/B, B/A/B and A/B/A. Of course, multi- 
layer structures having at least 4 layers, such as A/B/ A/B, 
B/A/B/A and BM/B/A/B, may also be adopted. 

[0055] As the banc, in preferably used a plastic film. No 
particular limitation is imposed on the kind of a plastic 
forming the plastic Rim. As examples thereof, may be 
mentioned olefin polymer* such as high density polyethyl- 
ene, medium density polyethylene, low density polyethyl- 
ene, linear low density pofy ethylene, polypropylene, pcty(4- 
methylpcrttcnc) and cyclic polyolefins, and acid-modi fied 
products thereof; vinyl acetate polymers such as polyvinyl 
acetate, etbylene-vtnyl acetate copolymers, saponified prod- 
ucts of ethylene -vinyl acetate copolymers and polyvinyl 
alcohol, and modified products thereof; polyesters such as 
polyethylene terephthalBte, polybutylene tcrcphlhalate and 
polyethylene naphlhalete- aliphatic polyesters such as 
poly(e-caprolactone), polyfaydioxyburyrate and polyhy- 
droxyvalerate; polyamjdes such as nylon 5, nylon 66, nylon 
12, nylon 6/66 copolymers, nylon 6712 copolymer* and 
m eta -xy leu ectdi pami de-ny 1 on 6 copolymers; polyct hers such 
as polyethylene glycol, poly(ether sulfone), pory(pnenylene 
sulfide) and poly(phcnylenc oxide); halogens ted polymers 
such as polyvinyl chloride, polyvinylidene chloride, poly- 
vinyl fluoride and polyvinylidene fhicride; acrylic polymer* 
such as polymethyl ecrykte, polyethyl acrylate, polymethyl 
methacrylate, polyethyl mctbserylate and potyacryJontblie; 
potyimide resins; and besides resins used for paints, such be* 
alkyd resins, m el amine res inn, acrylic renins, pyroxylin, 
urcthane resins, unsaturated polyester resins, phenol resins, 
amino resins, fluorccarbon resins and epoxy resins; and 
natural polymeric compounds such as cellulose, starch, 
puUulan, chitin, chitoaan, glucnmannan, agarose and gelatin. 

[0056] The base is preferably an ucoricntcd film or ori- 
ented film formed of any one of these plastics. As the base, 
may also be used that obtained by forming a thin film of an 
inorganic compound such as silicon oxide, shimiuum oxide, 
aluminum or silicon nitride; a metal compound; or the like 
on the surface of the film (inelviding a sheet) formed of the 
plastic by a vapor deposition method sputtering method or 
ion plating method. 

[0057] In order to form the carboxyl group-containing 
polymer layer, a coating liquid comprising the carboxyl 
group-containing polymer and a solvent is prepared, and this 
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coating liquid is applied on to the base or the polyvalent 
metal compound<ontainii]g layer and dried No particular 
limitation ts imposed on tbe solvent so far aa it can Uni- 
formly dissolve or disperse the carboxyl group-containing 
polymer therein. As specific examples thereof, may be 
mentioned water, alcohols such as methyl alcohol, ethyl 
alcohol and Isopropyl alcohol; and polar organic solvents 
such as dimethyl sulfoxide, N^-dimethylformamide and 
N^-dimethylacetemide, 

[0058] No particular limitmion is imposed <»a the concen- 
tration of the carboxyl gro^-eontaining polymer m the 
coating liquid comprising the carboxyl group-rantrining 
polymer and tbe solvent However, it is desirable that the 
concentration be within a range of preferably 0.1 to 50% by 
weight, more preferably 1 to 40% by weight, particularly 
preferably 5 to 30% by weight from the viewpofrrts pjf the 
stability, uniformly-coating ability and easy coating opera- 
tion of the costing liquid. Into the coating liquid comprising 
the carboxyl &oup-c<mtainiiig polymer, additive compo- 
nents such as other polymers, softening agents, stabilitfiers, 
anti-blocking agents, pressure-sensitive adhesive*, inorganic 
lamellar compounds typified by rncmtznorillonite, colorants 
and ultraviolet absorbents may be suitably added within 
limits not impeding the gas barrier property as needed. It is 
desirable that the amount added be preferably at most 5% by 
weight, more preferably at most 3% by weiglit, particularly 
preferably at most 1 % by weight in terms of tbe total amount 
of the additives based on the weight of the carboxyl group- 
containing polymer 

[0059] The polyvalent metal rompouncVoo Qtaining layer 
can be formed by applying a coating liquid comprising the 
polyvalent metal compound on to the base or the carboxyl 
grovp-containJog polymer layer and drying it. The coating 
liquid comprising the polyvalent metal compound can. be 
prepared by dissolving or dispersing the polyvalent metal 
compound in a solvent 

[0060] No particular limitation is imposed on the solvent 
so fax as it can uniformly dissolve or disperse the polyvalent 
metal compound (herein. As specific examples thereof, may 
be mentioned water, alcohols such as methyl alcohol, ethyl 
alcohol, isopropyl alcohol, n-propyl ajcobot, n -butyl alcohol 
and n-penryl alcohol; keton es such as acetone and methyl 
ethyl ketone; ethers such as diethyl ether, dioxane and 
tetrahydrofuran; esters such as ethyl aceMle and butyl 
acetate; polar organic solvents such as dimethyl sulfoxide, 
N r N-c3methy]acetamide, N,N-dimemylfcirmjimidc, N-mc- 
thyl-2-pyrroUdone, tetramclbyhxrca, hcxan^bylphosplioric 
triaraide and Y-buryro lactone; and hydrocarbons RUch as 
toluene, hcxane, heptane and cyclohexane. These solvents 
may be used either singly or in any combination thereof. 

[0061] Into the coating liquid comprising the polyvalent 
metal compound, resin components and additives such as 
dispersing agents, surfactants, softening ageios, stabilizers, 
film-forming agents, anti-blocking agents and pressure- sen- 
sitive adhesives may be suitably added as needed. A resin 
component soluble in the solvent used is preferably con- 
tained from the viewpoint of improving the disporsibility of 
the polyvalent metal compound and the coating property of 
the coating liquid. 

[0062] As examples of the resin component added to the 
coating liquid comprising the polyvalent moial compound, 
may be mentioned general-purpose binder resins for paints, 
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of 1700 enr 1 assigned to a carboxyl group (— COOH), In 
other words, the 0=0 stretching vibration assigned to the 
carboxyl group ( — COOH) gives an absorption peak having 
an absorption maximum in the vicinity of 1700 cm" 1 tn an 
infrared ray wave number region of from 1 800 cm" 1 to 1600 
cm** 1 . 

[0092] The absorbanceof a film has a proportional relation 
to an amount of a chemical specie* having infrared activity, 
which is present in the film. Accordingly, the peak ratio 
A IM /A I7OT of the infrared absorption spectrum may be used 
as an index indicating s quantitative ratio of the carboxylfrte 
(—COOr 1 ) with the carboxyl group of the carboxyl group- 
containing polymer formed with the polyvalent metal in tho 
film to the free carboxyl group ( — COOH), This ratio is also 
an index indicating the degree of Ionization. 

(2) Oxygen Transitu* Bskm Rate: 

[0093] An oxygen transmission rate of a film was mea- 
sured under conditions of a temperature of 30° C. and a 
relative humidity of 0% by means of an oxygen eranamisoion 
tcrtcr, Oxtran 2/20 manufactured by Modern Control Co. 
The measurement was carried out i n accordance with AS TM 
D 3985-61 (corresponding to the B method of JIS K 7125). 
The unit of the measured value is cm'(STP)/(m a day-MPa). 
"STP" means standard conditions (0 9 C, 1 aim) for defining 
(he volume of oxygen. 

[0094] The oxygen transmission rate was measured before 
and after a flex test, which will be described subsequently. 
After the flex test, a sample was aged for 20 hours under an 
environment of a tempexature of 30 6 C and a relative 
humidity of 80%. With rasped to this aged sample (humidity 
conditioned sample), the oxygen transmission rate was 
measured likewise. 

(3) Flex Test 

[0095] A flex test was carried out by means of a Oejvo 
tester under conditions of a temperature of 5° C- and a 
relative humidity of 10% In accordance with the provisions 
of ASTM F 392. Tho toirt i* a method that o process of 
twisting a film formed into a cylindrical form and further 
compressing it is repeated, and was used as a testing method 
for resistance to flex fatigue. Specifically, a multi-layer film 
formed into a cylindrical form was used as a samp 1b to 
conduct a flex test of 150 Gelvo flexings by means of a 
Jafilro tester under the above-described conditions. 

J009fij ) (4) Measurement of Concentration Gradient Struc- 
ture: 

[0097] A multi-layer film intended to be observed was 
embedded in an epoxy resin (product of NISSHJN-BM 
CORPORATION, trade name "Queatol 812"). This embed- 
ded sample was trimmed into an about 0.5-by-0.5 mm 
square to obtain on ultrathin section by means of an ultra- 
microtome (manufactured by Relchert-Nicaei Co., trade 
name 4, ULTRACUT. N"). The thickness of this ultrathin 
section was about 100 run, 

[0098] Image observation of the thus-obtained ultrathin 
section through an transnussion electron microscope (TEM) 



was conducted by means of a transmission electron micro - 
scope, HF-2000 raoaufcetured by Hitachi Ltd. to determine 
measuring points. An elemental composition distribution in 
the thickness-wise direction of a section of the film was 
measured by energy dispersive X-ray spectroscopy (EDX). 
Measuring conditions of the energy dispersive X-ray spec- 
troscopy are as follows. 

[0099] Measuring apparatus: elemental analyzer, VOY- 
AGER DI manofectured by NORAN Co,, 

[MOO] X-ray detector Si/Li semiconductor detector, 

[0101] Energy resolution: 1 37 eV, 

[0102] X-ray take-off angle: 22° (side take up system), 

[0103] Acceleration voltage: 200 kV, 

[0104] Beam diameter: about 1 nm, and 

[01 OS] Incorporation time: for 30 seconds. 

[0106] The concentration distribution of a polyvalent 
metal element component in the polymer layer containing 
the carboxyt group -containing polymer and the polyvalent 
metal salt of the carboxyl group-containing polymer was 
evaluated by a ratio M/C of the number W of polyvalent 
metal atoms to the number C of carbon atoms, 

[0107] The polyvalent metal element in the polymer layer 
forms a salt with the carboxyl group, and the concentration 
distribution of a polyvalent metal element in the thicxncfla- 
wise direction indicates a concentration distribution of the 
polyvalent metal salt of the carboxyl graup-ci mtaimng poly- 
mer in the polymer layer. Namely, the ratio M/C of the 
number M of polyvalent metal atoms to (he number C of 
carbon atoms was used for jdortityuig the gradient structure. 

Example 1 

[01 09] An aqueous solution of polyaorylio acid (product of 
Toagosei Chemical Industry Co H Ltd., trade name "Arori™ 
A-10H M , concentration: 25% by weight, number average 
molecular weighc 200,000) was diluted with distilled water 
to prepare an aqueous solution of polyaerylic acid (PAA) 
having a concentration of t 0% by weight. The thus-obtained 
aeneous solution was applied on to an oriented polyethylene 
tercpbtholate film (PET fitro, product of Toray Industries, 
Inc., trade name 'Tumiiw™ $\<y\ thickness: 12 um, heat 
shrink: 0,5% as measured by dipping for 30 seconds in hot 
water of 90* C.) by means of a bar coater (manufactured by 
RK FRINT-COAT INSTRUMENT Co., trade name <*K30& 
PROOFER™", and a coating film was dried by a dryer. The 
dry coating weight of polyaerylic acid was (1.90 g/m a , and 
the dry thickness of the coating film was 1.0 urn. 

[0109] The thus-obtained PAA film was coated with an 
ultrefine particulate sine oxide-containing paint (product of 
Sumitomo Osaka Cement Co., LtcL, trade mime "ZR133", 
total nonvolatile component: 33% by weight, zinc oxide 
ultraflne particles: 1 by weight) by means nf the same bar 
coater as described above, and a coating film was dried to 
produce a multi-layer film having a layer structure of 
w PET/PAA/ZnO-contalnJng layer". The dry coating weight 
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layer (A) in the thickness-wise direction from a surface 
Adjoining each of the polyvalent metal compound-contain- 
ing layers (B). 

5. The multi-layer film according to claim II , wherein (he 
concentration gradient in^ctnre of the polymer layer (A) hHS 
a low concentration region of die polyvalent metal salt of flic 
carboxyl group-cometniag polymer, whose element mole 
number ratio [metal clement (n vatence)/C element] calcu- 
lated out on the basis of the result of elemental composition 
analysis in the thjetosas-wiae direction by energy dispersive 
X-ray spectroscopy falls within a range of 0 to O.OcVn, in a 
proportion of 5 to 80% in terms of a thickness percentage of 
the polymer layer (A). 

a\ The multi-layer film according to claim 1, wherein the 
concentration gradient structure of the polymer layer (A) has 
a high concentration region of the polyvalent meaal salt of 
the carboxyl group-containing polymer, whose element 
mole cumber ratio [metal element (n vatenocJ/C element] 
calculated out on the basis of the result of elemental com- 
position analysis in the thickness-wise direction by energy 
dispersive X-ray spectroscopy falls within a range of from 
higher than O.OcVn to not higher than 0.33/n, in a proportion 
of 20 to 95% in terms of a thickness percentage of the 
polymer layer (A) adjoining the polyvalent metal com- 
pound-containing layer (B). 

7. The multi-layer film according to claim % wliercrn the 
polymer layer (A) has a high concentration region of the 
polyvalent metal salt of die carboxyl group-containing poly- 
mer, whose element mole number ratio [metal element (n 
valcncoyC clement] calculated out on. the basis of the result 
of elemental composition analysis in the thickness-wise 
direction by energy dispersive X-ray spectroscopy mils 
within a range of from higher than O.OcVn to not hinder than 
0.33/n, in a proportion of 20 to 95% in terms of a ihtcknesR 
percentage of the rjolymer layer (A) adjmning (he polyvalent 
metal compouad-cgntaming layer (B), and has, on the sida 
opposite to the surface adjoining the polyvalent metal com- 
pound -containing layer (B), a low concentradon region of 
the polyvalent metal salt of the carboxyl group -containing 
polymer, whose element mole number ratio [metal element 
(n valcnceyc element] falls within a range of 0 to O.OGVn, in. 
a proportion of 5 to 80% in terms of a thickness percentage 
of the polymer layer (A). 

B. The muUi-Jaycrfilm according to claim 3, wherein each 
of the polymer layers (A) hsB a high concentration region of 
the polyvalent metal salt of (he carboxyl group-containing 
polymer, whose element mole number ratio [metal element 
(n valenceyc element] calculated out on the bants of the 
result of elemental composition analysis in the thiclm ess- 
wise direction by energy dlRpcriuvc X-ray spectroscopy falls 
within a range of from higher than 0.06/n to not higher than 
0.S3/n, jn a proportion of 20 to 95% In terms of a thickness 
percentage of the polymer layer (A) adjoining the polyvalent 
mem] compound-containing layer (Q), and has, on the side 
opposite to the surface adjoining the polyvalent metal com- 
pound-containing layer (B), a low concentration region of 
the polyvalent metal salt of the carboxyl grmm-rantmrring 
polymer, whose element mole number ratio [metal clement 
(n valenceyc element] rails within a range of 0 to 0.0G/n, in 
a proportion of 5 to &0% in terms of a thickness percentage 
of the polymer layer (A). 

9. The multi-layer film according to claim 4, wherein the 
polymer layer (A) has a hi#i concentration region of the 
polyvalent metal salt of the carboxyl group-contain tag poly- 



mer, whose element mote number ratio (metal element (n 
valenceVC element] calculated out on the basis of the result 
of elemental composition analysis in the thickness-wise 
direction by energy dispersive X-ray spectroscopy falls 
within a range of from higher than. 0.06/n to not higher than 
0.33/n, in a proportion of 20 to 95% in terms of a thickness 
percentage of me polymer layer (A) adjoining each of the 
polyvalent metal compound-contaiiiing layers (&), and has, 
at 9 central portion thereof, a low concentration region of the 
polyvalent metal salt of the carboxyl grcupeornairilng poly- 
mer, whose element mole number ratio [metal element (n 
valenceyc dement] falls within a range of 0 to 0.06/n, in a 
proportion of 5 to 80% In terms of a thickness percentage of 
the polymer layer (A). 

10. The multi-layer film according to claim 1, wherein a 
chemical equivalent of the polyvalent metal compound to 
the carboxyl group, which is calculated out on tb? basis of 
the total (At) of tlip carboKyl group contained In the whole 
carboxyl gronp-contnining polymer layer (A) and the total 
(Bt) of the polyvalent metal compound contained in the 
whole carboxyl group-cental ring polymer lay er (A) and the 
whole polyvalent metal corrrpound-containinij layer (B), os 
at least l.O. 

11. The multi-layer 61m according to claim l f wherein an 
oxygen transmission rate as determined by uKing the mntti- 

LaYcr film formed into a cylindrical form as a sample to 

conduct a flex test of 150 Oelvo flexing* by means of a 
Gctvo tester under conditions of a temperature of 5° C. and 
a relative humidity of 10% in accordance with the provisions 
of ASTM F 392, aging the sample for 20 hours under an 
environment of a temperature of 30° C. and a relative 
humidity of 80%, and men measuring an oxygen transmis- 
sion rate of the sample after the aging under ixjndJtions of a 
temperature of 30° C and a relative \mmif&i$ntf*$% in 
accordance w hh ASTM D 3985-81 is retaine^within SOj jft of 
the oxygen transmission rate of the sample before tneflex. 
test. 

12. The multi-layer film according to claim 1 , wherein the 
carboxyl group-containing polymer has an oxygen transmis- 
sion coefficient of at most 1,000 cm 3 -pim/(m 2 -dayMP») e& 
determined in the form of a film farmed by itself under 
low-humidity conditions of a temperature of 30° C. and o 
relative bunrfdity of 0%, 

13. The multi-layer film according to claim I , wherein the 
carboxyl group-containing polymer is a homopolymer of a 
carboxyl group -contaming unsaturated monomer, a copoly- 
mer Of carboxyl grOUp-COntaining unsaturated monomer*, a 
copolymer of a carboxyl group-containing unsaturated 
monomer and any other polynuzrizable monomer, a carboxyl 
group-containing polysaccharide or a mixture of at least two 
monomers thereof 

14. The multi-layer film according to claim 1 , wherein the 
carboxyl group-containing unsaturated monomer ir at least 
one a,p-moooeth>1enicn]ly unsaturated CArboxylic acid 
selected from the group consisting of acrylic acid, mcuV 
acrylic acid, crotonic acid, itaconic acid, maleic acid and 
fumaric acid. 

15. The multi-layer film according to claim \ , wherein the 
polyvalent metal compound is an oxide, carbonate, organic 
acid salt or ajkoxide of beryllium P magnesium, calcium, 
copper, cobalt, nickel, zinc, aluminum or zirconium. 

19, The multi-layer Him according to claim 1 , wherein the 
polyvalent metal compound in a divalent metal compound. 
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